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Laboratory for Agricultural Remote Sensing, Purdue University

Introduction

The primary purpose of this paper is to
provide a brief report on early results in the
automatic classification of crops from air-·
borne multispectral data by the Purdue Lab-
oratory for Agricultural Remote Sensing. _ ,
The specific problem treated here is the auto-
matic detection of wheat in late June.

Remote multispectral sensing research
has been carried on at Purdue University for
about one year. This research on remote
sensing in agriculture is directed at estab-
lishing methods to determine by remote
means, species identification, state of ma-
turity, disease conditions, soil types, soil
moisture conditions and many other crop and
soil parameters.

Research workers from engineering and
the life sciences are cooperating at Purdue to
develop techniques to sense remotely (observe
and record from above ground level) agricul-
tural situations and to assess automatically
(review and determine by computer) their
important characteristics.

Early Results in the
Automatic Classification of Wheat

In the automatic detection of wheat in late
June reported here, it should be noted that

wheat in the test site region (northcentral
Indiana) is near maturity. Results discussed
are contained on the four computer printouts
which may be interpreted with the aid of the
aerial photograph showing the flight line.

Figure 1 shows a portion of a computer
printout of the scanner imagery in pictorial
form. The computer program which produces
printouts of this type was written so that data
may be conveniently edited. Column numbers
at the top of the printout, and line numbers
at the left edge of the printout, are used to de-
termine the address of any given data point.
A comparison between the photograph and this
printout reveals a number of distinctive field
patterns such that orientation from the photo-
graph to the printout is easily possible. For
example, consider field A at lines 1381 to
1543 and columns 1 to 115 (Figure 5 pre-
sents this area in larger scale), which shows
a wheat field with oats planted in the center
of it. (Column numbers proceed from right
to left due to characteristics of the airborne
seanner . )

The results of a first, very unsophisti-
cated or simple, attempt at the automatic
classification of wheat is shown on Figure 2
and enlarged in Figure 6. The method used
in generating these results was as follows:
In one channel of data, the mean and variance
of wheat samples were determined. The
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The key used on this photograph to designate the primary agricultural cover is A - Alfalfa,
C - Corn, 0 - Oats, R - Rye, S - Soybeans, W - Wheat, P - Pasture, RC - Red Clover,
SC - Sweet Clover, TIM - Timothy.



• ,i' " - .. I:,'~,: . : '

-o.r' •

~.. - ----::~--
- - -:~.

. - -
- - .

•

..'

'I

i"

=. " • .z

.J.

~-~--~ y~~~~ -

- - -- -- .

'.

.:~ .

. "

•• '11- •••••• ·.,.• ,..1.../
.~~\~ ::
.""','.•

.~ - .. .

. ,

':'~;.~
• j •

• ' ;",1.:

:In.fl:t~HI"'ht.HMtH\HtIUI!j,ljlll-I,_!titI~r.:n~,nnrTt(rr~·.I,l

I'
~

.~

~ , :,'
,I

'" . r'o,
' •. "1.

. . _II
• -l

~ ..== ..2='

.....•...•

..,~.,
• 0."', '.-'.,•." ..•.
., ',""I",.

~'

:~~.. ;;;'::':::"

~~'}.

F19ure 1, Computer printout of
scanner imagC'ry !n pictorial
(urnl.

Figure 2. A first, simple at-
tempt at automatic c1assilicarton
of wheat,

Figure 3. Similar to Figure 2
but 4 channels of information
were used to simultaneously
cl&81ifywheat.

Figure'. The fint attempt to
use truly automatic pattern rec-
ogroUontechniques.



ILXHXXHXXX5X5HHHXiSSSSLL.LIILIZZttZZSSSZSZSZZZZ.H •••• ZZZZZZIZ •••••••••••••••••• ll••• 1111••••• 11111/OHXHXXHHHHHIXXXXSXXX.XXXHHHS slsLz ••• Z SZ SSZZSZZSSZllZ.H.Z.l.SZ ••• ZlZ.Z ••• I•••ZZ•••• ZII•••••••• ··I··/.II·IOHXHH.HHHHH.HHxlxlxXXXSXHxxs Z fL.I•• Z SZ SSSSSZSZlZZlZ.H ••ZZZZZ.ZZZZ ••••ZIIIZZZZ •••Z.I•••••••••• ··I//l/I.IOXXXXXXHHHHSHXH X XHXXXXHXXXZ'.1 SS SiZSSZZS.SZlllSIZH ••ZZZZZZSZZZ •••Z.,••ZZZ••ZZ., •••• I••·1····I'II/I·IOXXXXXHHHHHHHHX X XXX5SXXHXH ••••• ZS S SSSSSZlZZZZZZ ZH••ZZZZ••ZZZ •••ZZ••••••••• Z•••••• I••• I••••ZSXHHHHXZOXXXXHHHHHHHHHXXXX5XSXXHHHXXZ' •• SX X XSSSSSSS~ZZZ5 ZH.ZZZ ••• ZZZZZZZZ.Z.ZZ ••Z•••••• ZZSSSSZSSSXHXXHHXSSIZOXXXXXHXHHH~~~~~~~III~~~~~~=I·I~iI~~~~ii~~~~l~l£fl~lf~:i~iilliiiiiiiii~~ii~ll;!~~~~~~~~~~l5S~~~~~~~~~~~~g~=~~~~~~~~XXHHX51SX XHHXHXX Ix xI xxx SS ISSlSZZZZZZZSZH.SSSSSSSSSSZSZZZZSZZZZZZXHZZZZSZSSXXXXHXHHHS'ZXOOOOOOHHHHHHOOXHHHSX XS XHHHHXX I ISI II SSSSZZZZZZZIZH.SZSZS55SZZSZZZZZSSSZZZXHXZ5S5XXXS55SS5HHXZZZSHHOHOOHHHHOHHHOHHHHXX XSXHXXHHXH I ~IIZZZIZZZZ SH'XZS5ZSZ1ZZZZZZZZZZ5ZS5HHSSSXXXXHX5SSSXXXXSXHHHHOOOOHXHHHHOOOHHHX X xxx XHXHXH 5 X ZZ'S SZZZ SX.SZSSSZZZZZZZZZZSZIZZSXHHSS5SXSSSSXSSXHXXXXHHHHOHOOOHHHHHHHOOHHXX~SXXXX~XHXHXH X SX ••zz 'ZZZZZX"ZZIIZZZZIZZZZZSZ'ZSHHHHZSZZZZZZSXSXHHHOHHHHHOHHXOHHHHHHHHHOHXXXSIXHXXSHHHHHXl S ~Z••• ZZ'IZZSS"'ZZZZZZZSZZZZZZZZXHHHXXSZZlSSSSSXHHHHOHHXHXXHHSSHHHHHHXXll1HHXXXXSXZXXXXHHHXZX S lZ'Z SZZ 11SH'ZZSS5SZ1SSSSZZSXHHHH5xXXIZZZZXHSXHHHHHXXXXHXXXHSZH·--·/XHHHHHXXXX XSHXXHHHHXHX X ZZ SSS 5zSx.zssXSSZSzSXsSXHHHHSssSXSZzzZzsSxxHXXXXssz·----·XSS'SXHHHHHHO
HxxxSiXXXXHXHHHxxxl1 xii, II Iz lils~izzlzZSSSZSS"SSSXSSXXHHHHHHXXSXXZSXXXXSZS/-- ---/SZSZ········I·SHXHHHHHHXXXXSXHXXXXHHHHHXI X IZltl~ISttZZSIZSSS.ZX.ZXXSXXXX5SHXXZ •••_-----.ZSZSZ •••·····Z·,····'·'·I ISXHHHHHHHHXXXHHXXH""HHHHHH X • S ZSZ lZ'Z'SX-."I-- -••S5ZS••ZZ./ •••,•••••••••••••••• Z.·····I/SXXHXHHHHHXHXHXHXXHHHHHHHH X SXX • Z S" 1- .SS•••ZZZ.ZZ.ZZZZ ••ZZ••••••••••••••••• I'•••••••• , IXHXXXXHHHHHHXHXXXHXXXHHHXH5S .'5S 5 Z 1- --IS SSS~iSS/XZZZZZZZSZS.ZZZZZZ.Z.ZZ.Z ••Z•••••••••••••••••• ·II ••SXXXXHHHH
HHHHHXXHXXXXXHHXHXZ.IL., --- -'IIII~SSS~~SSSZ SX/Z.ZSZZSZZZZZZZZZ.·ZZ·Z.ZZ •• Z····Z·Z ••Z••Z••• '.'.I.,iXXXXHHHHHHHXHXXXSXSSSIX'x,- --*X5111~n sss ssss SSI••Z.5ZZZZZZZZZZZ.ZZZ ••• Z•••••••• ZZ·········II·III., XXXHXHHHXHHXXXjZ.Z.,----- IX 11 IS 5XS xSxxxSSS ••·ZZ·ZZZZZZZZ·ZZ·ZZZZZ.ZZ •• I.Z·.··Z····Z.·· I ., XXXXXHHHHX lXL ----I XHS 5 XSXXHHOOHHOX55 •••ZZZZZZZZSZZZ ••Z••••• Z••• Z••••Z.· ••Z··•••• • ••••• XXXHHHHHX --- S X S • 5 X X XH HOOHOHHHHHHHH 'Z'ZZ'Z ZlZZZ ••Z•••• ZZ••• ZZZ•••••• Z.Z·•••• "'./.XHXHOOOO.~~HH5**I~lsll§xi X • XHHHO HHOHOOHHOOOOOHH~izz.zzfl.izzzzzf~z ••zz.Z.Z •••••• Z••• Z.,zszl··sl···/···HHH0008°HXXH5S*1 !XX SS IaHHHHHOHOHHOHHOHooHHH5iZ ••ZZZZZIZZZZZ.ZZZZZl ••ZZZZSZZZSZZ5Z"Z5' "Z Z •••''ZHOH800 0XXHXX* XIX xx O&gH!!§OOOOOOOOOOOHOHHS z···ZZZZ Z.ZZZ··Z·····ZZZSxSZZZZZSZZZZZZ5 Z·ZZZ·l···SHOO 0000HHXHX S XX H 8 OOOHOOOOOHHOOHHS zZ'zzzz ZZZZ zZ'zzzzzzs XSX5 S 5 Z ZZS SZ··ZlZ·· S00008080HHHHX X x X5X * XHH 0000HOOOHOOOHH5S"'Z'ZZ Z'" Z ZZZ ZS XXS ZZ lZZ' •••• XOOOO 0 0xxxxxlfx5x 5xxll. ISH8HHHH800HHoooOHHoOHH55.z ••z.z1 zZ'lf.fzzzifizz~5xs~lilll~lllz.~~ ••zzlt··zlxooooogooHSXXxi.XXIxII. XXO HHHHHOOOOOOHHOOOOHHXSSZ.zzzzzzlzzz •••••• ZZZZ555ZZZ •• 5SZZZZ'Z"'ZZZ ··lZSHOOOH 00sSl*11 • SX08HHHOOOOOOOOHOOgOOHHSS'Z"'zzzz Z5Z•••••••• 5555ZZZ··1 ~5ZI ••••• '.szz jllsxooogooooxXlSlZ • XXH HHHOOOOOOHHOOO OOHHXSSZZ"zzzz ZZZ5Z'.I.I'ZZZZZZ'Z5 Z SZ'5'.'IZIZZ5 X 000 00 0HHXXXX • xXH8gHOgOOOHHOOHOOOOOOH55.Z,zzzzZZZZ'ZZ5ZZZZ",sZiZZZZZ Z5 Z.Z5S"IZ5.XHi 5ioooogg~0HHXHX • Z xsg 000 000HOOOOOOOOOOHX5Z5Z.Z1Z1ZZ •••• ZZZ5Z5Z' •• "'Z'.'ZZZ'Z5ZZZ XXXXHS S SSOOOO 00HXXXS x •• *. XX HOOOHOOHOOOOOOOOOOHX5Z5 •••• ZZZ1Z ••Zt •••Z5S'."'ZZZZZ"'5ZZZ.Z XXXHXZ lisxooooogooHHXXX x 5XHHHHHHHOHHHOHOOOOOOOHXSZZ'ZZ'zzzzzszs ZZ'.'5X' •••"Z£Z"'lZZ'.Z 5ZlSSZZ 5zooo0800HXX5 0 ooooooooooooooxssszzzzz ZZSSS zZZ."ZX' ••I. zz••z•••••• z••zzsz. SOOOO 000
xxxx SI I HO OHHHOOOOOOoooooooox S ZZZZZ zzz ZZ i·Z•1 .·z.······.······.·zz·z·· Z ZZ HOOOO 0XXXIX *5 X HHHHOOHHHHOHggOggHgOXSS zZlzzzzZllZZZ ZZ.Z ••Z.ZZZ •••••••• ZZZ.ZZII·Z·f·Z.ZI 00000 08
xlz I 11 il· X s HHH8HHHHHHOHO ° 0 OXSX z· ZZZIZ' ZZ.ZZZ ••••• Z••ZSI·······Z •••Z ·ZZ IZI· 00000 °X 5 Z Z X HOO HHHHHOOOHg OOOOOOX Sz.z ZZI zz Z.Z.Z ••••••••• ·Z 'Z.ZZ"Zz ••z Z.Z •• ooogo gX X • SX HOOHHHHHHOOOO ggOOOOOX Xz.ZZZZ Z ZZZZZ ••••••• ·.·Z· ·lZZZZZ·ZZZl Z···· 5 g 8gs • z*" XX • HHHOOHOHOOOOOO 8HHggx S.Z. ZZ Z. Z •••••••• ZZZZ ••••zz.ZZZZZZ ••• z•••z ZZ. 1 • XH HOHH HOOOOO 00 X S Z. zz ZZ Z Z .1. ZZ.Z••• Z•••Z•••• ZZ Z ••••• XS 0
X II .iz·'lxl*ll· XH~iuogoooooooooooooxlslzztZZZIZizIIZifti.~ ••••ZZZ •••Zz•••zii••I.tXHHHHOOOHi~oSIX I*'Z' Iz·· I XHG OOOOHOgOOOOgOOOOH X 5"ZZZ Z·ZZZ··. ZZZZ •••• Z.ZSSHHHHHHHHHHHHHHOOOOOgogX It··· · .. I 50g 00000 0000 OHOOHXS s··zzz zzzz·z·z ZZSXH HHHHHHHHHHHOOOHHOHHHHHHOOOg 0X •• , • II XSH OOHO HXXXXXXXXXXSS Z'.SSHXHXXHHHHHHHHHHH HHOHHHOHHXHO.O HHOOOOOO 05 • 'il' .f•• • Ixxxxxxxsxxlxxxx5xsxxxsxx ~fXHXXHHHHHHHHOHHXHHHHHHH HHHHHHHHOHHOOOOO 088X'" •••••• XXXXSXXSXX sxxXXXXXXX5SX ZH HHHHHHHHHHHXXHHHHHHHHHOOHHOH••••••• S XSXSXXXX SXZIHXHXH •• X XSZXHHHHHHHHXHHHHHHHHHHHHHOHHHHHHOHHOHHHOHOOO 0000.1••••••1111. lXX SXHXZXHXXHXHXSZSSs{~ ••i~xtHHHHHHHHHHHHHHHHHHHHHHHHHHHOHHHHHHHHOHOHggoooo0800••••••••••••• XXI SSXXXXXHXHXXXSSszszsz.izXXHOHHOHHHHHHHHHHHHHHHHHHOHHHHHHHHOHOOHHOH 00000 0I ,!!,t~!~!~~!~~i..~.~~!ti!!;~!~~~~~~~~~3!~~~'~l~~~~!~~~~~~~~~~~H~~~~~H~HH~HH~~~gOO~g~QO~000HOQ~9QQQQQQQ88Q __

Figure 5. An enlarged section of the printout of scanner imagery shown in Figure 1.
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Figure 6. An enlarged section of an early attempt at automatic classification of wheat.
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Figure 7. An~pJ i~tiofi>ldl t:be~4 channel automatic classification .
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Figure 8. An enlarged section showingthe truly automatic pattern recognition technique.
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computer was then instructed to print a 'W'
for each sample point whose response was
sufficiently near this mean value. By com-
paring this printout with Figure 1 and the
photograph, it is seen that the accuracy of
classification is relatively high for a single
channel of data.

Figure 3 and Figure 7 show the results
of trying the same technique, but using four
channels simultaneously. These results
have improved considerably.

It is reasonable to expect that even with
this simple technique, the accuracy can be
improved as soon as more channels can be
incorporated into the method. At present,
due to (temporary) equipment limits, only
four of the 18 channels of information are
available to us.

The previous techniques may be best
described as spectral matching techniques.
Figure 4 shows the first a~tempt using a • , "r:'

truly automatic pattern recognition technique.
Figure 8 is a larger scale of one area shown
in Figure 4. The method is still relatively
unsophisticated and is as follows: We as-
sume the four channels of data from wheat
are four dimensionally Gaussianly distrib-
uted. For this first attempt we assumed
that the remainder of the data was also
governed by the Gaussian probability law.
The two meal} vectors and covariance func-
tions were then determined. Thus, the prob-
ability description of the two classes (wheat
and "everything else ") are completely known.
At each sample point the ratio of the two
probability functions was calculated and a
classification was made depending upon wheth-
er this ratio was greater than or less than one.

In addition to making a classification at
each point, the computer was instructed to
keep a running total of the number of points
classified into each class. The total number
of samples classified in this example was
64,240, and of this total 5,469 were classi-
fied as wheat. Byknowing the altitude of the
aircraft .the area each sample point represents

may be determined. Therefore, the above
numbers can be converted into wheat acreage
measurement.

From the above, the following observa-
tions and conclusions are noted:

The value of the great flexibility of a
digital approach for research purposes is in-
dicated. The results of Figures 1 through 4
were all obtained within days, and in some
cases, hours of one another.

In the problem above, the grossness
of the differences in signatures of the two
classes has permitted success with, relat~ve-
ly simple procedures. Future problems .
will no doubt require more sophisticated'
techniques.

· The Purdue Laboratory for Agricul-
tural Remote Sensir.g now has the capability
to analyze data collected on a semi -opera-
t~o~al (larg,e ~f~~~)b~~~u§i~'=-!1A")~!r; ':{

Effective data handling and analysis
techniques have been demonstrated to be ade-
quate for at least one task. Generally, the
data handling and analysis techniques either
have been, or are being, improved to the
point of requiring additional refinements in
the data collection system.

· Work should proceed toward perfect-
ing these analysis techniques for other class-
ification tasks.

Overall Objectives of the Program

· To determine the degree to which se-
lected major crops of the Corn Belt region,
such as corn and soybeans, can be differen-
tiated on the basis of their multispectral re-
sponse at various times during the growing
season.

· To determine the amount of variation
and to identify the major sources of variation
in the multispectral response of selected
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agricultural features such as soil conditions
and major crop species of the Corn Belt re-
gion at various times during the growing
season.

· To determine and prescribe methods
for gathering information from the ground
that will allow prediction of multispectral
response characteristics obtained by remote
multispectral sensing techniques.

To achieve these objectives, the research
at Purdue University involves three inter-
related study areas:

1. Biophysical studies in the laboratory
and field, designed to:

· Learn more about natural variations
in plant and soil reflectance spectra and the
factors which influence variations.

· Determine optimum portions of spec-
trum for remote sensoring.

· Determine the optimum time during
the growing season to obtain remote multi-
spectral data with airborne systems.

2. Remote multispectral sensing stud-:-
ies, using aircraft flights over selected
agricultur.,al areas near Lafayette, Indiana.
Such aircraft systems can obtain simultan-
eous data on reflectance and emission char-
acteristics of areas flown over in many
spectral bands between 0.32 and 15 microns
wavelength. Such data are currently re-
corded electronically on analog tapes and
later converted to digital form. Data from
this phase of the program are being used to
determine the feasibility of optical-mechani-
cal scanner system surveys to supplement
U. S. Department of Agriculture, Statisti-
cal Reporting Service crop reporting sur-
vey system.

3. The third maj or study area at Pur-
due University is data handling and pattern
recognition techniques. To study the remote
sensing survey systems, enormous amounts
of data must be processed and analyzed by
extremely specialized techniques. There-
fore, data handling and pattern recognition
problems become a crucial part of a thor-
0ugh investigation to determine the feasi-
bility and practical applications of the sys-
tem.

Initial efforts in this phase of the re-
search, primarily using multispectral scan-
ner data obtained at three different times
during the growing season, are being direct-
ed toward the following classification tasks,
using various pattern recognition techniques:

· Wheat vs everything else

• Oats vs everything else

· Bare soil vs vegetation vs water

Percentage ground cover in a given
bare soil/vegetated area

Corn vs soybeans

Soybeans vs everything else

· AUalfa vs everything else

In conjunction with these efforts, stud-
ies will be carried out to determine which
spectral bands are the most useful for each
task.
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	Figure 8. An enlarged section showing the truly automatic pattern recognition technique. 
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